Growing cells in 3D cell culture became a major field in cell biology over the last decade. Cells growing in a dimensionally unrestricted space spontaneously form organoids or spheroids that express cellular behavior different from cells growing on a plane surface. However, monitoring three dimensional spheroids on standard inverted microscopes proved difficult since hanging drops are often outside the focus range. Here I present the design and production of a cover slip tray by conventional additive printing (3D printing) able to fit into a single well of a six-well plate to enable the observation of hanging drop spheroids using inverted microscopes.
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Introduction:
Over the last years cell research on three dimensionally grown organoids or spheroids vastly gained popularity (1, 2). Cells grown in such structures behave differently in terms of metabolism and differentiation to cells grown in conventional 2D cell culture techniques and are believed to act closer to the in situ situation of the cells in an organ or tissue (3). Several methods were established over the years to generate 3D grown spheroids. One approach is to grow cells in Matrigel, a hyper viscous liquid that blocks cells from migrating away from each other and so induces the formation of cell-cell contacts, independent of a solid surface.
However, by the hyper viscous consistence of Matrigel it usually happens, that the cell spheroids form hollow balls, since they interpret the Matrigel as an extracellular matrix and the inner side of the spheroid as a liquid surface (4). To avoid this effect, a more simple approach is to grow cells in hanging drops. This method uses the forces of gravity to collect single cells at the lowest point of a droplet mounted to the lid of a cell culture vessel (5) . There the cells get in contact to each other and start spontaneously to form cell-cell aggregates. Cells that fail to attach to other cells undergo cell death by anoikis (6) . Drop size used range from 5 µl up to 50 µl and the cell number seeded in this drop can vary from a few hundred up to 100.000.
One important aspect of cell biology is the visual inspection of cells growing and interacting to other cells. Nowadays this is accomplished by highly specialized microscopes that mostly appear in the inverted phenotype to establish a close working distance between objective and cells without the objective submersing in cell culture medium and putting the cells at risk of contamination (7) . Thus inverted microscopes are perfectly adapted to monitor cells grown in standard 2D cell culture conditions and most modern cell culture laboratories are equipped with those microscopes. However, the advent of 3D cell culture techniques brings this established technique to a new challenge. The location of the cells is not anymore at the lowest position of the cell culture vessel and this makes it difficult for the microscope to find the optimal focus plane in a germ free environment.
Here I present the design and construction of an easy to produce cover slip tray that allows the growth of hanging drop spheroids on coverslips in the sterile environment of a 6 well plate.
Using this tray the formation of spheroids can be monitored up to several days, without touching or manipulating the spheroid.
Material and Methods:
Design software: The cover slip tray was designed using FreeCAD software (www.freecad.com) and exported as STL (STereoLithography) files to ideaMaker 3.3.0 software for printing. Final versions of the STL files are available as Supplementary material.
3D Printing:
Polylactic acid (PLA) filament was purchased from filamentworld.de. The model was produced using a Pro2 3D Printer purchased from Raise3D (California, USA). All printing parameters are shown in Table 1 . 
Results and Discussion:
One major disadvantage of the hanging drop approach is, that cell culture plates usually have a height of >1 cm, a distance too large to be covered by conventional inverted cell culture microscopes. To bring the hanging drop containing the spheroid closer to the objective of the microscope I developed a cover slip tray that can be put into a single well of a 6 well plate ( Fig.   1a-A) . It was designed using the freeware freeCAD and manufactured by additive printing in a commercial available 3D Printer (Fig 1b and c) . The cover slip tray consists of a spacer ring in the middle that dictates the distance to the objective. This distance can be easily varied by cutting away parts of the plastic. On the hole in the middle a circular coverslip (12 mm diameter) is mounted (Fig 1a-B) , that holds a ring of liquid blocker (optimal diameter 5 mm, Fig 1a-E) . Inside the ring of liquid blocker the drop containing the cells can be pipetted (Fig 1a-C) . Now, the cover slip tray is carefully inverted using forceps and placed into a 6 well plate.
To avoid evaporation of the drop, some PBS is filled in the groove around the coverslip (Fig a-D) . After turning the cover slip tray with the mounted drop, cells settle at the lowest point after a few minutes (Fig 1a-C, purple dot) and assembly of the spheroid can be monitored immediately using an inverted microscope (Fig 1d) . In summary, I present here an easy to produce a cover slip tray to enable the investigation of hanging drop spheroid formation in 6 well plates using standard inverted microscopes.
Abbreviations:
DMEM: Dulbecco's modified Eagle's medium, PBS: Phosphate buffered saline, Pen/Strep:
Penicillin and Streptomycin, PLA: Polylactic acid;
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